Introduction {#section1-0840470420917172}
============

Lessons from emerging health events, past and present, remind us that threats to human health are always present and will continue to be influenced by factors such as climate change, the human-animal interface, and international travel. However, emerging diseases come with many unknowns and even known diseases can behave in unexpected ways. During the initial preparation of this article, a novel coronavirus causing disease in humans (COVID-19) was emerging at the human-animal interface in China. The COVID-19 is a harsh reminder that uncertainty is part of the emergence equation and we will always be challenged to rapidly confirm the knowns and to respond as best we can, despite the unknowns. It helps to prepare with this in mind.

Severe Acute Respiratory Syndrome (SARS) was our first "Disease X" of the 21^st^ century. The World Health Organization recently coined this term to represent uncertainty as a critical planning element in preparedness for a serious international epidemic and specifically to encourage preparedness activities that account for uncertainty.^[@bibr1-0840470420917172]^ There are many sources of uncertainty that are essentially the "who, what, when, where, why, and how" characteristics of a public health emergency. The "who" might be unexpected at-risk groups, such as persons with obesity who developed severe illness during the 2009 H1N1 influenza pandemic.^[@bibr2-0840470420917172]^ The "what" could be unexpected outcomes such as microcephaly in infants born to mothers with Zika virus infection during pregnancy.^[@bibr3-0840470420917172]^ The "where" could be an unexpected location for disease emergence, such as the H1N1 pandemic influenza that began in North America, rather than Asia, as had been anticipated and planned for.^[@bibr4-0840470420917172]^ Finally, in the event of an unknown pathogen such as SARS in 2003 and now with COVID-19, the outbreak response must run parallel with a rapid gathering of international evidence (clinical, laboratory, epidemiological, etc), meaning that the level of uncertainty is dynamic and the response will need to be adjusted as and when we know more.

The purpose of this article is to identify some basic principles for dealing with uncertainty in the context of a public health emergency, to provide some examples of how these principles in combination with past experience have advanced preparedness within the health sector in Canada, and to stimulate thinking regarding what health leaders can do to further improve preparedness across the health sector in the immediate as the COVID-19 situation unfolds and going forward in the longer term.

The role of assumptions {#section2-0840470420917172}
=======================

In terms of preparedness planning, assumptions help establish a "starting point"---a direction to quickly proceed (eg, using specific established/routine practices) until a need to adjust the course is identified. They give responders an indication of what real-time data to collect, or what to watch for, to either validate the planning assumptions or signal that a change in approach is needed. For example, an assumption used in influenza pandemic planning posits that the novel influenza virus will be transmitted from person to person in the same way seasonal influenza is transmitted. Healthcare providers will thus know what Infection Prevention and Control (IPC) precautions to utilize, which builds confidence in responders when dealing with unknowns. This starting point also helps to inform how IPC measures can be scaled up or down if reality proves to be different from the planning assumption. Therefore, assumptions are a foundational component for the development of preparedness and response plans and essential for incorporating flexibility.

Scalability as a key principle {#section3-0840470420917172}
==============================

In the emergency preparedness and response context, scalability is used to convey the need for response activities to be dynamic. To manage demands and risks by scaling up (eg, adding more resources, enhancing active surveillance activities) or scaling down when there is evidence to indicate that specific response actions are no longer needed to achieve response objectives. A key lesson learned from past responses is that uncertainty and/or risk aversion can lead to overcompensation during a response (eg, inappropriate use of limited resources, responder burnout, or angst when trying to de-escalate). Overcompensation can be avoided by ensuring there is sufficient content in guidance, plans, and emergency exercises to demonstrate how and when the response will be scaled up or down based on risk assessments and specific data analyses that build confidence and reduce risk aversion.

Risk and capability assessment {#section4-0840470420917172}
==============================

Another key principle involves taking a risk management approach to preparedness and response by conducting risk and capability assessments, to inform planning and response measures, and to identify gaps or enhancements that need to be addressed. Specifically, this involves making an assessment of current resources available to mitigate and respond to the risk. Assumptions can be used as a starting point to create scenarios against which risks and capabilities can be identified and assessed. For example, a planning scenario might include a person who presents to the emergency department complaining of nausea, weakness, and fever. To prepare for uncertainty, planners must consider variables in the scenario. For example, if this person had recently returned from a country with an ongoing Ebola outbreak, would the existing triage system be sufficient to identify, assess, and rapidly contain a possible Ebola case? This type of assessment helps identify specific risks, such as not including Ebola in the intake differential diagnosis for ill travellers returning from an affected area. Likewise, scenarios can facilitate a discussion regarding what capabilities are currently in place to mitigate this risk.

However, it is also important to identify what might change the risk profile in the scenario. For example, the Toronto SARS case that triggered the first hospital-based outbreak was initially missed because they had no travel history. It was only learned later that the patient had been exposed to the true index case, who did have a significant travel history but was not seen in a healthcare setting.^[@bibr5-0840470420917172],[@bibr6-0840470420917172]^ This flagged a gap in our risk mitigation---that the capability to rapidly identify, and therefore contain, a SARS case that had no travel history was lacking. To close this gap, triage questions also needed to include questions about close contact with an ill traveller.

Unfortunately, not all risks can be accounted for so it is important to consider what unknowns might significantly impact a risk and what planning can be done to account for them. Emergency planners with expertise in risk and capability assessment need to work with healthcare leaders to determine how changes to risk levels will be addressed in real time, when to change course, and whether the capabilities are in place to deal with the requirements of the "new course."

Flexibility and adaptation {#section5-0840470420917172}
==========================

Public health preparedness efforts have been largely based on previous infectious disease outbreaks, models, and scenarios. It is important to consider the flexibility and adaptability of current plans, systems, and resources when preparing for any health emergency; this is a key principle in "all-hazard" emergency preparedness. The preparedness efforts and response resources that have been developed and used for infectious disease outbreaks are now being utilized for other public health threats.^[@bibr7-0840470420917172]^ Borne out of the SARS and H1N1 experience, new federal/provincial/territorial governance structures were established to oversee the overall public health response.^[@bibr8-0840470420917172]^ These governance structures have in turn been leveraged to respond to non-infectious disease national response, including most recently for the national epidemic of opioid-related deaths in Canada.

Adaptable response systems are agile enough to incorporate learnings in real time and make adjustments to response activities through feedback loops. Such systems can quickly establish new inter-sectoral connections to meet immediate specific response needs while increasing general response capabilities. Specifically, the urgency of the opioid crisis led to the mobilization of new and pooled resources that ultimately established a timely surveillance and reporting network with coroners and medical examiners. Built on an infectious disease outbreak response model, this network can potentially be leveraged for rapid mortality surveillance for emerging health events beyond opioids. There are also international efforts underway to invest in platform technologies for vaccines and therapeutics that can be adapted to target new pathogens once they are identified.^[@bibr9-0840470420917172]^ Utilizing sustainable, flexible governance structures and resources ensures the response system is well exercised and able to adapt to uncertainties, while supporting readiness for other health threats and emergencies.

Learning from past experience {#section6-0840470420917172}
=============================

The idea of identifying "lessons learned" after the conclusion of an emergency response is also a key principle of preparedness for future events. The challenge for health leaders is to ensure that the lessons identified actually translate to better understanding and ultimately an improved ability to respond. Importantly, this process has to ensure that learnings are not forgotten during peacetime or lost over time with staff turnover. The importance of risk communication, building and maintaining public trust and confidence, and cross health sector engagement are just a few of the key lessons that have been identified from past emergency responses.

The COVID-19 response is now showing us in real time the growing role of the Internet and social media in risk communication. Early, frequent communication of uncertainties is vital to building and maintaining public trust and confidence. We have learned that perception is reality and that being transparent in risk communication is essential. This means it is vital for health leaders to be forthcoming from the outset, clearly stating what we know and what we do not know, while reassuring the public that we will provide new information as and when we know it.

Despite the relatively limited spread of SARS in Canada, it served to highlight the importance of supporting and maintaining cross health sector preparedness for a seamless and comprehensive health response. This starts with increasing the number of astute frontline practitioners who are sensitized and equipped to practice "think, tell, test." This means the first line of defence is primed to think about the possibility of an emerging pathogen, promptly tell local public health authorities, and efficiently work with clinical colleagues, hospital administrators, public health, and laboratory partners to ensure early detection and rapid containment through appropriate and timely testing.

Continuing to build and maintain a skilled and engaged workforce is essential to a robust and flexible response system. Health leaders can ensure that the lessons learned from past experiences are passed on through regular training and exercises to those entering or taking on new roles within the workforce.

Engaging across the health sector on a regular basis, in order to re-confirm roles and responsibilities, conduct joint risk and capability assessments, foster research, and provide updates on the status of preparedness activities, is also key to ensuring health sector preparedness and maintaining an ongoing state of readiness. There are operational (eg, medical evacuation and domestic transportation) and logistical (eg, supply chain and stockpiling issues) aspects of a response that require cross-sectoral engagement to address, ideally in advance of an emergency. We have seen the benefit of having contracts in place, for example, for influenza pandemic vaccine supply during the H1N1 pandemic and more recently for international medical evacuation capacity during the Ebola outbreak in West Africa.

We have also witnessed the need for advanced preparedness to engage in real-time research to ensure the response is as evidence based as possible. This has translated into advanced planning by organizations such as the Canadian Institutes of Health Research, for example, to foster rapid ethics reviews during an emergency response and supporting the Canadian Immunization Research Network to conduct vaccine clinical trials in real time.

Extending the health sector preparedness to include other sectors/disciplines (eg, social services, critical infrastructure, regulatory authorities, public safety, justice) is critical to a seamless response. Engaging communities and considering their contexts, culture, and perspectives in the preparedness for public health events is essential to the building of trust and public cooperation with health authorities during a response.

Post-SARS, emergency management practices have been adopted more widely by the health system in Canada. There is also a greater recognition of the significant social and economic impacts of public health emergencies and the importance of mitigating these impacts through mechanisms that enhance capabilities. Health leaders would be wise to ensure that emergency management, multi-sectoral coordination, and mutual aid capabilities are well integrated and exercised within their institutional response planning. Health facilities must also develop and practice their business continuity plan as a complement to their pandemic plan, given that the health of the workforce may be significantly impacted while workload demand is high.

National capacity building for emergency preparedness and response {#section7-0840470420917172}
==================================================================

The Public Health Agency of Canada, established following SARS as the national coordinating body for health emergencies, has made significant investments in order to increase emergency preparedness and response capacity in Canada, build on the lessons learned from past experiences, and facilitate cross-sector preparedness and resiliency. This work has been multi-focal, ranging from the production and updating of plans, protocols, and technical guidance to conducting training, stockpiling vaccines, and therapeutics, to running exercises to test current knowledge and capabilities. Many of these efforts are intended to increase the level of preparedness across the breadth of the healthcare sector, not just public health, and not just for emergencies originating in Canada. Examples include enhancing public health laboratory and border screening capacity; establishing mutual aid and information sharing agreements^[@bibr10-0840470420917172]^; and clarifying roles, responsibilities, and procedures (eg, how to request and receive aid and emergency provisions) during emergencies.^[@bibr8-0840470420917172]^

Canada has met the International Health Regulations 2005 core capacity requirements^[@bibr11-0840470420917172]^ and was ranked 5^th^ in the world in the Global Health Security index, assessing global health security and capabilities.^[@bibr12-0840470420917172]^ Although there is a strong existing system in place, ongoing work is still needed to achieve a state of flexible and scalable readiness for the next public health emergency.

The take-home message {#section8-0840470420917172}
=====================

As we begin a new decade, we must maintain constant vigilance as epidemics are predicted to become more frequent, more complex, and harder to prevent and contain. Health leaders need to prepare for uncertainty during an emergency response by developing, enhancing, and exercising resources---whether it be plans, people, or other resources---that can be flexible, scalable, and that are built on lessons learned and evidence-based practices.

Health leaders are well poised to see gaps and reflect on persistent challenges and recurring themes, while looking beyond their scope of influence to find creative solutions. Working from the ground up, health leaders should train staff in emergency management principles, share corporate memory, incorporate lessons learned, and build confidence through regular exercises. Exercises and training should consider the response to complex health emergencies, including pandemics, which are rapidly evolving and may last many months. Health leaders should also consider engaging with health professional regulatory bodies to explore whether and how regulatory requirements might be adapted, streamlined, or otherwise expedited during an emergency. Finally, staff must be encouraged to contribute to contingency planning by identifying concerns and repositioning them as uncertainties to be addressed.

Although it can be difficult to convince decision-makers to invest upstream in non-specific emergency preparedness resources, it is important to present the downstream benefits including risk reduction, medium- to long-term cost savings, and operational resilience. One means of fostering support is to build the understanding that investment of time, energy, and resources can pay off during normal operations, not just during large-scale health emergencies. Emergency planning can help ensure business continuity whenever there is an unexpected surge in resource demands against the backdrop of ever-limited, finite supplies. Finally, recognize that the opportunity to address critical gaps is never more urgent than during an emergency. Every event is an opportunity, given heightened political attention and investment in health capacity during a crisis. We need to build on these gains to both improve routine practice and better prepare us for future response.

Throughout this call to action to strengthen health security, I would urge health leaders to integrate a health equity lens and seek meaningful engagement from the communities they serve in order to build trust and enable a collaborative and effective response during times of uncertainty. The COVID-19 is the latest "Disease X" but it will not be the last. Health leaders, now more than ever, need to gather new knowledge, adapt response activities, and meaningfully engage with all partners across government, research, and the public at large to respond, as flexibly and effectively as possible, to this new health threat in Canada and around the world.
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